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ABSTRACT 


THIS  REPORT  COVERS  WORK  PERFORMED  IN  CONNECTION  WITH 
PHASE  H AS  DEFINED  IN  PART  I - PURPOSE. 


THE  END  OF  THE  PERIOD  COVEBEO  APPROXIMATELY  COINCIDES 
WITH  THE  COMPLETION  OF  THIS  PHASE,  MAKING  THIS  REPORT 
IN  EFFECT  A COMPLETION  REPORT  OF  PHASE  U. 


PARTT,  section  3 - DETAIL  FACTUAL  DATA  HAS  BEEN  SUB_ 
DIVIDED  INTO  ELEVEN  SEPARATE  INVESTIGATIONS,  EACH 
COVERING  A SPECIFIC  CHARACTERISTIC  OF  THE  MATERIALS  FOR 
WHICH  DATA  WAS  REQUIRED  IN  ORDER  TO  ACCOMPLISH  PHASE  TTT 


the  VARIOUS  INVESTIGATIONS  ARE  LISTED  IN  PART?,  SECTION  3, 
(PAGE  6 OF  THIS  REPORT).  THE  METHODS  AND  RESULTS  OF  THESE 
INVESTIGATIONS  ARE  DESCRIBED  AND  SHOWN  IN  SUBSEQUENT  PAGES 
IN  THAT  SECTION. 


PHOTOGRAPHS  OF  THE  EQUIPMENT  USED  ARE  INCLUDED  AS  APPENDIX 

"B". 


PARTI 
SECTION  I 

PURPOSE 


PHASE  I. 

PHASE  ir. 

PHASE  m. 

PHASER 


THE  AIMS  AND  PURPOSES  OF  THIS  WORK  ARE  AS  FOLLOWS: 

TO  COLLECT  AND  ANALYZE  EXISTING  INFORMATION  REGARDING  THE 
PROPERTIES  OF  FLUOROCARBON  GASES  AND/OR  LIQUIDS  AND/OR 
OTHER  RECENTLY  DEVELOPED  APPLICABLE  GASES  AND  OTHER  INORGANIC 
MATERIALS, PARTICULARLY  AS  TO  THEIR  USAGE  IN  MAGNETIC  PARTS 
AT  elevated  TEMPERATURES  IN  PRESSURIZED  CONTAINERS. 

TO  INVESTIGATE  AND  TEST  THE  GASES  ANd/OR  LIQUIDS  AND  OTHER 
MATERIALS  APPEARING  TO  OFFER  THE  GREATEST  PROMISE  AS  DETERMINED 
BY  EVALUATION  OF  THE  DATA  OBTAINED  IN  PHASE  I,  INCLUDING  THEIR 
COMPATIBILITY  WITH  ONE  ANOTHER  AND  WITH  OTHER  MATERIALS  USED  IN 
MANUFACTURE  OF  MAGNETIC  PARTS. 

DESIGN,  CONSTRUCT  AND  SUBMIT  TO  BUREAU  OF  SHIPS  SIX  SAMPLES  OF 
EACH  OF  FIVE  TYPES  OF  MAGNETIC  PARTS,  USING  THE  MATERIALS 
SELECTED  AS  RESULT  OF  PHASES  X A H. 

(TO  BE  UNDERTAKEN  ONLY  AFTER  APPROVAL  BY  BUREAU  OF  SHIPS  OF  THE 
WORK  OF  PHASE  I, IT,  & XIII  PRODUCTION,  USING  PRODUCTION  TECHNIQUES 
OF  TWELVE  UNITS  OF  EACH  OF  THE  FINAL  DESIGN. 
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DEIAIL  FACroAL  DkTk 


INTRODUCTION 


Th«  data  presented  In  the  folloadag  pages  is  divided  into  tvrelve  sep&rate 
toploso  Oraphe  tables  and  pictures  ere  used  to  Illustrate  and  amplify  the  -written 
nateriale 

This  quarterly  report  period  fortunately  ooinoides  -wi-fchrthe  oonolusion  of 
Phase  II  aotlvity  in  -the  projeota  It  is  thus  possible  to  present  oompleted  work 
in  all  of  the  topics  covered  idiereao  some  previous  quarterly  reports  wero^  in 
effects  progress  reportso 

Two  main  objectives  in  Phase  II  are: 

Ao  The  selection  of  -the  most  generally  suitable)  fluoroohemioal  liquids  saii 
gasaso 

Bo  The  obtaining  of  data  establishing  the  particular  design  parameters  in- 
troduced by  the  use  of  fluoroohemioal  dioleotrlos  with  an  eye  to  both 
ad-vButages  and  limitations « 

The  work  undertaken  and  reported  below  -sms  in  fallfilment  of  the  above  abjc;:=- 
ti-rese  The  topics  are  listed  as  follows: 

Ao  Power  Factor  and  Di electric  Consteait  Data  Aooumulatedo 

Bo  Results  of  !Biensel  Stability  on  fluoroohemioal  Liquidso 

Co  Corona  Level  and  Breakdown  Streng-th  of  Gaseous  Pluoroehomioals. 

Dj  Purification  of  Fluorooheisioal  Liquids o 

Eo  Compatibili^  Testing  of  Commonly  D'sod  High  Tempo ra-ture  IransfoJmier 
Construction  Materials  with  Fluoroohemioal  Liquidso 

Fo  Selection  of  Most  Suitable  Liquid  for  Powez*  ILranefomers  on  the  Basis 
of  Pressure  Charaoteristioso 

Go  Selection  of  Proper  Liquid  for  a Given  Sot  of  Operating  Conditionoo 

Ho  Use  of  Sulphxir  Hexafluoride  at  Reduced  PresBures  in  the  Expansion  Spaco 
. of  Fluoroohemioal  Filled  Tcensfomerso 

lo  Thermal  Runs  -with  Resistor  Heat  Souroeo 

Jo  Fl^sioal  and  Electrical  Characteristic  a of  Selected  Pluorooheiaioalso 
Ko  Plasticised  Teflon  aa  a Tcxminal  Material  o 

Graphs  and  tables  will  be  shooR  in  the  text;,  photographs  in  appendix  Bo 

Following  the  detailed  prssentetion  of  tlis  twelve  topics,  a summary  and  ooi « 
elusion  will  be  presented  based  on  -lihe  Phase  II  objectives  stated  abo-voo 
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PART  I 

Saotion  3 (Cont'd) 


DETAIL  FACTUAL  DATA 
INVESTIGATION  A 

DIELECTRIC  CONGTANT  AND  POWER  FACTOR  T-TSASUHEMENTS  ON  PLUORO- 
CHBMICAL  LIQUIDS  AT  ROOM  TmPEJRATTJRBo 

Subjoot  msaBureiaoatB  were  takaa  an.  a Ganeral  Radio  718-C  Sohoring 
and  aBBooiatad  aqulpjaent  (bsoillutorp  atoplifier^  indicator  stOo)  Headinga 
vialcsn  at  fraquanoias  oT  BO^g  100^  j,  400 1 KC,  10  KC  and  100  KCc, 

In  orddr  to  minimi zo  inacouraoion  inharent  in  tha  diroot  roading 
all  moasuranianto  wara  taken  using  the  Buhatitutiea  mothodo  The  stsp-hy® 
%’oo®duro  was  aa  follows  a 

v.  i'3  bridge  was  set  up  aa  desoribsd  on  pag®  foiir  of  the  operating  instructioaso 
.A  Tariablo  air  oapacitoi*  (60/*/!ff°  lOO^^^')  waa  used  as  aa  oxtemal  balancing 
rapaoitoro 

'.AS  bi'idgs  was  anergized  and  balanced  with  the  unknoim  leads  removodo  la  this 
■original  balaaoaf,  the  balancing  capacity  was  set  at  such  a Traluo  m to  make  a 
'.'?.2tmoe  occur  wi'th  approximatoly.  1000^-^\^  on  *cihe  ia'tornal  bridge  capaoitoro 
‘■'tiia  bridge  capacitor  reading  was  recorded  as  Goo 

•3o  I Aort  loads  wore  added  to  tho  bridge*  The  low  lehd  was  comeoted  to  on©  set  of 
plates  of  n Cardwell  air-oapaoitor*  Tha  high  lead  was  allowed  to  rest  in  the 
t ’.oproximat©  position  of  use*  but  no  connection  was  made  to  tho  other  set  of  air 
Mapacitor  platooo  The  bridge  was  rebalanced  by  adjustment  of  tho  internal  bridge 
napaoitor  and  dissipation  dielo  This  bridge  oapaoitor  reading  was  denoted  as 
Ggo  Then  Cq  - Cg  equals  lead  oepaclty* 


4-0  'I‘h®  high  lead  (ungrounded)  was  then  oonnooted  to  the  air  oapaoitor  plates  and  . 
the  bridge  rebalanoad*  The  bridge  oupaoi'ty  wac  denoted  as  Cf*  Then  Cg  =»  CL  ® ®P 
oquals  C^g  where  equals  capacity  of  air  oa.pBottoro  The  bridge  dissipation 
dial  reading  was  recorded  as  Bgo 


6o 

6o 

Vo 


Step  four  was  repeated  with  sample  material  as  dieleotrio*  0^^  was  obtained*  Dls^ 
slpation  dial  reading  was  recorded  as  Dj* 

|[  equals 


Dx  equals 


* is  a multiplier  factor  where 


bridge  multiplier  se'ttlisgo 


f equals  test  frequency  and  fo  equals 


7 


T.  block  diagram  of  the  test  circuit  ie  shown  on  PDP-49  (p  8 } 

be  iae  tabuleitad  results  era  shown  on  PDP-1  (p  10} 

9„  S'h©  equipment  used  is  illustrated  in  PDP~10  (appendix  B) 


PART  Z 

SECTION  3 (Cont^'d) 


BEIAIL  FACIPAL  JA'ik  (Cont°d) 

INVBgglGAinON  B 

RESULTS  OP  THERMAL  STOBILITI  TESTS  ON  FLPOEOCEEMICAL  LIQUIDS 

METHOD  OF  TEST 

All  samples  were  purified  zitli  fuller®  s earth  and  tested  for  insulation 
resistance  la  the  etanilerd  100  ocfo  cello 

Lew  Tolatilily  materialss  boiling  at  23,0®  Co  and  higher j,  ware  heated  in 
glass  stoppered  bottles  in  a constant  temperature  oil  bsthp  one  iroek  at  121 
and  one  month  at  150°  Co 

The  more  volatile  liquidss  bopo  up  to  205°  Cj  were  stsnled  in  Pyrox  bcab 
tubesp  encased  in  copper  oylinderop  and  heated  on©  month  in  the  oven  at  117^0 
Results  are  tabulated  on  PEP<=52.  (P18)o 

PDP-=is  Illustrates  Equipment  used  for  n'on“Volatll©  liquids  (appendia 
FDP^lo  Illustrates  equipment  used  for  volatile  liquids  (appendix  Bo) 
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OJ^'  1*^4' 

W«.'J 

i‘4Jv  U X LuJ 

. Uquld 

B,  P, 

d«£e  Co 

Inso  Raso  (megOo) 
a£1:er 
Pupifyini!' 

Inso  Reso  (megao) 
After  Heat 

Color  & Odor 
after  Boat  Tent 

Pluoreitibe  8 

. 200,000 

60,000  , 

Straw  Color 

Dark  ppto 

Sour  Odor 

Sol  P»10 

330 

110,000 

200,000 

Nearly  Whlto 
Sood  Odor 

Hftloo«rbon 

Slfi 

l£OoOOO 

7,000 

Mediua  Stre’.? 
Much  Dar?c  p|5to 
Odor  lik  . HSl 

Pluorolub®  PS 

233 

^0,000 

ilDpOOO 

Almost  ITcit'? 
Slight  Oioif 

Kel  P<=3 

230 

2CO,000 

60,000 

Light  Strnw 

Odor  Gco'v- 

Kol  P=C 

205 

9D,000 

l^OgOOO 

Water 

h<=>J43 

177 

5cOgOco 

5^,000 

to  r< 

KJX-329  3il9  « 215 

150,000 

160,000 

t6  f' 

Kol  P^B 

135 

50,000 

7,000 

B I 

102 

5009000 

50,000 

B r 

Fcx=3a7 

102 

500,000 

120,000 

n ' 

P0Xo3a6 

76 

500,000 

Sot  Tested 

Dioblorootofluorbutane 

65 

200,000 

n » 

0“73 

56 

SCOpOOO 

n w 

12’'= 

PDP^Sl 
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COMMENTS; 

N»i|3  is  thc3  most  ct&ble  of  all  oompoundo  testedo 
Althousi;  KJX=327  and  329  sliioi^ed  an  apparent  stability  in  sealed 
tubes  better  than  the  inoreaaed  cost  does  not  appear  justified  and 

the  latter  ie  still  rooonmiandod  for  j^aso  III  worko  We  now  have  on  im° 
proved  grade  of  0®75  on  idiioh  tliermal  teats  Trf.ll  be  oontinuedc 

Eel  P°10  is  the  most  stabl®  of  the  ohlorofluoro  materlalso  How= 
ever^  no  outstanding  ooelliog  power  may  be  axpeoted  of  this  liquid^  sinoe 
it  ia  of  the  non-volatile  type^  rosembling  ailioono  in  visooeityo 
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Seotion  S (Coi3.t‘d) 


Isavestiga'blon  C 

Corona  Levai  imd  Broa3{:down  Strength  of  Gnoeoun  Pluoroohamioalnio 

Tht)  following  ia  a raaumo  of  th®  findings  of  th®  fluorooheialoal  Projoot- 

G';iro53S,  ABsigaraento 

Corona  and  V,  Braakdo^m  Testa  have  been  mad®  of  the  following  gases * 


I*  Air 
2o  Hitrogaa 

So  Sulphur  Hexafluoride 
io  iiiohlorodifluoromethena 
6 c.  Ootofiuoroprojjane 


.N2 


..sPe 

<"C  P2  .Si  2 Qonatroa  12 
-C{j  Pg 


Tho  taat  circuit  is  diagraramad  in  PDP7(po  16»  The  squipaient  tisad  is 
iilujtrated  in  FDP«9  (appendix  B) 


Th©  resultant  curves  PDP-8  which  followa  (p-iS)  ohows  that  all  throe  fluor- 
;in*-.t2d  gases  that  we  taetod  behave  batter  than  nitrogen  as  fur  tia  corona  or  breakdown 
i'j  osnoarnedii  ?ihile  Sulphur  Hexafluoride  is  superior  to  tho  other  gaseso 


It  was  provan  that  whan  th®  gap  la  rolf.tivoly  smallg  oorona  nearly  coinoides 
v;;vih  broskdowny  but  if  a siiffioiently  wide  gap  ia  used,  tho  breakdown  is  appreciably 
h'.j/lirr  than  oorona., 


With  our  existing  ooi'ona  Tostor  tho  ma::imuia  raliablo  corona  fro©  supply 
voltCige  is  10  KP  RMS  which  limits  th®  ©leotrodo  spacing  to  about  ,060**o  iShile 
t,3 ving  fluorinated  gases  at  high  proseureoe  undo:."  this  condition,  breakdown  end 
co  ’C'Ua  occur  almost  Eimultaneously  at  the  madiiim  and  low  presiuroso 

The  presBui’ized  spark  gap  chamber  breaks  down  externally  slightly  atovo 
CC  aV  RMSj  Thich  limits  tho  electrode  spacing  to  about  ,100"c,  ^rnile  testing  fluorinated 
at  high  prossuros,  with  this  gap,  corona  ociours  vjell  aliovo  tho  10  KU'  liinj,tationo 

She  report  "DIELECTRIC  STRESGTH"  of  Gaseous  Pluoi'ooarbons"  by  Wilac«.-Siaoiis» 
Lria'i,,  point  out  that  gaseoua  Fluorocarbons  have  a breakdown  potential  equal  or 
greater  than  fluofo-oygonio  gases  and  prove  it  by  graphs©  / 

Their  Hltrqgen  curve  follows  tho  same  ourvo  as  eursj  but  their  SPg  ourv® 
eho-vs  breakdown  at  slightly  lower  voltages© 

.The  report  "Gaseous  Insulation  for  HoYo  Transformero"  by  Camilli-Gordon® 
and  also  the  report  "Gaseous  Insulation  for  H»V,  Apparatus"  by  Ceunilli*- 
Chapmtm  display  oui’ves  of  several  gases  with  gaps  varying  from  l/2"  to  5",  which 
efter  proper  analysis  and  approximations,  compare  favorably  with  our  curves© 
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IMVESTIOATIOH  » D_ 

PORIFICjLTION  of  FLPOROCmHCAL  LIQUIDS 


Pourteesft  eauapleo  of  fluoroohaadoal  liquida  have  baoa  purified  and  beated 
j'cs?  dielectric  oharaotoristioao 

Ih®  3»thod  of  purii^jjig  waa  as  follows  ’ ‘ntt©  sample  was  shaken  four  ralmtoa 
\.ith  caustic  aodn  solution  at  30°60  dego  Pof,  and  allowed  to  sottla  in  a 8op=> 
i i’.atory  fannolo  The  fluorooliemioal  liquid  was  drawn  off  and  passed  through  10 
.nohoa  of  fuller”  a earthj,  (l6“30  mash,,  pre^driod  at  300  degn  Fo)  la  a ohroimto= 
{;i-aphio  ooluan  of  pyrox  glassj)  3/i!.  in.  in  diamoterp  at  a teiaporaturo  of  8O==90 
t’.cge  Ooj  except  for  the  low  boiling  liquido,  r.Moh  were  i*ua  through  just  below 
the  boiling  point®  Vaexium  waa  u&ed  where  nooessai’y  for  the  more  viscous  mt° 
i:.’ial8o  2ho  fuller”  s earth  treatment  was  ropiated  \mtil  meximum  resiatanoe 
•(•‘.s.dingo  were  obtained®  Ordinarily  three  pascsis  through  the  ooluan  were  suffl- 
x oato  Iho  fuller'*  a earth  and  all  aooeesory  glasawaro  wt\e  dried  iaiiaodlatoly 
lijfora  ueoo  Shis  apparatus  is  Illustrated  in  nffr-.!!;  . (appendix  B*) 

Insulation  raaistenoe  and  power  factor  vjei'e  moasurod  in  a cell  which  oon- 
I'.iitod  of  a Cardwell  typo  JD<"100=oa  fixed  air  condenser,  ICO  minf®  nominal  cap- 
i.ity  (no  BEnfe  actual)  with  plates  spaced  in®  A cell  of  this  type  fits 
■iJ-Vigly  in  a ii.00  oo®  Griffin  beaker®  file  Gemiel  Radio  megohm  bridge  was 
;i,3od  for  insulation  reaistanoo  moaouremant,  lant.  tho  Leeds  and  ISforthrap  Sobering 
’c,.'’3.dgo  for  power  faotoi*  in  oonjunotioa  with  a 1 Ko  oscillator,  emplifior,  and 
\ '.sual  null  detectoy®  Dieleotrio  constants  wai'o  also  moauured,  but  shewed  no 
f ignifioeurit  change  on  purification®  fiiis  equipment  is  illustrated  in  PDPc=>ll 
. i appendix  E® ) 


Results  are  tabulated  on  .FDP'^58  = (P^lS. ) 
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i >'btorv&1ilQaB  mda  daring  thu  eouroe  of  treatmenti 


lo  Two  of  tha  liquids  had  atchod  tho  ineldo  of  tls®  glaaa  coatJNlnora.. 
caueed  a (slight  etching,  1’0X<=329  (p«rfluorl?satod  k«roBen«)  a aavere  etchingo 
of  cource,  not  known  how  long  the  easrpioo  had  been  in  the  bottles  bofora 
;!h!j)3iont  to  ub<.  Tha  etching  1b  believed  to  be  due  to  traces  of  free  hytoofl-aoidc 
u:!.c  In  the  samplsBo 

2o  Gortaia  of  the  pei-fluaro  liquids  improved  dlelsctrieal?^  on  eteadlng 
{.laso  bottleso  0“?5  changed  jrrom  200,000  uiegohae  to  50^0 000  in  two  laonthBc 
i0/>  327  teeted  ?0,000  meg*  isHaeiliatoly  after  mrifylng,  and  ntaor  one  noath  the 
\'o  .'-'.istlvity  had  inci’toaeed  to  22,5,000  negBo  A posslbla  explainitlon  is  offered  in 
Jill-  reaction  of  the  glaee  container  with  traces  of  free  hydrofluoric  acid  present 
id  I'.B  liquid,  forming  an  in#olubl®  Billcofluorid®  and  affectively  removing  th® 

5 £'■(')  aoido 

3.>  The  foregoing  phonoaena  ouggoet  a tantstlve  method  of  ctabiliBiag 
’V.  j liquid®  by  the  inclusion  of  eilicloue  material  (glass,  tilica,  fulleg’“«  earth, 
li  ) wltliin  thi)  transformer  case.  Activated  alumina  has  already  bean  psropoeed  in 
i'h:  llteratujL’e  ao  a iB(3anE  of  removing  degradation  products  resulting  from  arsing 
iv  filled  circuit  beakero  and  Bwitdjgeaiu  Iho  writer  Las  found  that  fuller® c 

t. c- '.h  ezertB  a pronomcad  etabi lining  (or,  more  proclsoly,  contlnuoue  purifying) 

. j'i  .iCt  on  mineral  oil  leapt  at  elevated  tQmperatu.xee.  A report  on  this  subject  will 
' t placed  in  th®  fluoro chemical  fil®. 

The  use  of  snail  qxiantitice  of  aillcorw  oil  is  uiidtp.'  consideration  as  a 
•.'!  !.b:lllsiag  agent,  since  it  is  known  that  f luo rot heml cals  attack  th®  oiliconoso 

4»  Most  of  the  fluorocarbon  liquidc  pi-oduced  little  or  no  diecoloratlon 
;ii'  i.  shaken  with  caustic  soda,  I'h®  except, lone  we  re  the  XhiPosit  eaitqiles  S'CX“32v5  and 
3k;  (fluerinated  methyl  cyolohctiianea)  and  3FCX.“'35.i;  (fluorlnatod  teroBcn©),. 

An  attempt  was  made  in  tbo  c&cs  of  ICj'.  JZ?  to  remove  eubatanceo  causing 
)■  ; coloration  by  boiling  for  a prolonged  period  (I6  hours)  with  $4  caustic  aoda 
.'■L^ivion.  At  the  and  of  this  time,  a dark  brown  alkallno  extract  was  obtained.  On 

u. ,;uvin.g  the  fU\oro  liquid  and  again  shaking  with  NdOH,  additions?.!  colorod  extract 

o-btainedj  but  the  color  was  much  lighter  than  that  obtelacd  on  the  original 
jF.jpla  ae  received,  indicating  tliat  a portion  of  the  discolcriag  agent  had  ba^in 
■conovedo  Th®  eai.ipla  which  had  b®on  boiled  \fith  tested  500,000  megs  at  43  efter 
,iingl®  pass  thi'ough  4 inches  of  fuller's  earth, 

Tha  maxiffiOH  renistivlty  attainable  on  the  same  samplo  before  boiling  with 
Ihn'Xi  was  ^OeOOO  megohms, 

Tha  dielectric  constant  before  and  after  S'aOH  treatment  was  the  same.  It 
it  concluded,  therefoi’e,  that  the  bulk  of  tha  materiBl  was  unchaagad  in  the  process. 
If  miy  major  change  had  occurred,  the  dielectric  cornjtant  would  have  been  inersased 
Sue  to  the  introduction  of  hydroxyl  groups  in  the  aolecide  by  liydrqlysiso 

In  connection  with  the  above,  it  is  iatareatiag  tc  note  that  the  percentaige 
of  Ir^rdroly sable  fluoride  reported  by  Minnesota  Minlxig  for  their  products  is  exceed- 
ingly small,  in  the  order  of  ,001^  or  lees.  The  3M  llqtiids  gave  no  discoloration 
with  caustic  soda.  Our  teats  would  indicate  that  the  per  cent  liydrolyzabl®  floride 
in  the  DuPont  sample n is  high. 


■«n  - 


'.VaicluBionc 
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At  tha  present  point  in  the  InTesti^^eSion,  the  expoctod  superiority  of 
il  u perfluorochemical  orer  the  chlorofloro  comp.iundo  ie  apparentc  She  3M  liquids 
’r-f.'-J  and  0=?3  had  initially  loif  power  factor- and  their  resistivity  was  easily 
.a'.raased  to  a high  valu-a  hy  fuller®®  earth- trej’itiaenti.  0»75  tlid  not  require  purl“ 

1 tjntioa..  The  PXG  liquids  had  higher  power  factor  as  receivado  hut  again  laqjrove^ 
i.nv  «aa  .accoi^lished  without  difftculty.  - The  diacoloratlon  on  treatment  with 
^niutic  ooda  may  indicate  the  prosonce  of  raaotil".’^  impuritisa  wMch  chould  he 
’:n:‘V9do  Xt  i«  proposed  to  take  this  matter  up  with  BuPonto 

Some  of  tbs  chlorofluoro  con^tmds  rsfljjoaded  well  to  fuller  “e  earth  treat" 
hut  in  eG^seral  a more  prolonged  procesaiai-;  was  required  to  achieve  aaxiimua 
.\xn;.0'ts.  Rachocks  on  some  samplos  have  ehowu  dft'ierioration  on  etsndiug  at  room 
^M.soratureo 

Tests  ai'e  now  under  way  to  dotezmino  usability  of  the  pvirlfied  liqui.ds 
ij  Aovatfid  tes^jeratureo  Liquids  which  prove  c'.i.ble  will  bo  further  tested  in 
auSnct  with  aetals  commonly  utiad  in  tranefowior:  o 
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5*  Sm'oatibill'fcy  Tsetinig  of  Commonly  Ueod  High  Toraporature  Tranaforaor  Conotruotloa 
Sj^terialB  with  FluoroohemioaX  LlguidOo 

Toata  to  detorsailno  tho  oosipatlMllty  of  flnoroohoniioal  liquids  vjlth  materiala 
cicmi-iouiy  used  in  the  manxii'aoture  of  high  temperatura  tranaformers  were  undertaken 
tie  iu'ilo&tod  in  otir  praTioua  roport.,  Thro®  ooopo3ct.ting  vondore  ran  coapatibililiy 
tCiito  viitk  ooiamon  high  tomporatm*®  tra3nsforK.or  contitruotion  rnffitarials  sealed  in 
oirpuluo  together  with  their  apecifio  fluorochbiniotJ's,  end  tested  those  for  a oona 
i.iiclarablo  period  of  time  nt  high  tomperatureso  A nost  complete  report  was  re- 
OGivol  from  Mircaoaota  Mining  and  Manufacturing  Company  which  indioated,  in  general 
tht.  f sllowing  oharaoteriatioso 

I’ho  volatile  porfXuoro  3M  liquids  shewode  ir.  general,  little  or  no  effect  on 
uont  sransforrasr  materials  with  the  oKoeption  of  oilioone  rubboro  A corrosive  &Co 
v.icn  sn  high  temperature  solder  is  being  studied  ir.  detail  and  this  work  may  be 
osnitt  £-3d  to  show  a means  of  aolTlng  this  problem^,  Interim  reports  on  SM  seoond 
i.‘o.xd  oompatibility  toeting;  with  the  further  purified  3M  llquide  indicate  that  the 
via  ipr.tibility  problem  will  bo  oonsidorably  rai.tigattd  as  a result  of  the  eatra  puri=> 
fi-.u't-j.oao 

She  seEii^volatlle  ol^lorofluoro  Kel  P-=»C  liquid  produced  by  the  Mo  Ho  Kellogg 
Co.  ij  cvry  aa  used  showed  'a  plastloiaing  effect  on  toflono  The  a^ttont  of  the  noted 
cif/fiots  on  all  materials  wl.th  Koi  F«*C  exceeded  that  noticed  with  the  3-K  liquidso 
iVo  luiusual  effects  wore  reported  ca  soldero  All  noted  a resultant  gain  inwolghto 

2h©  light  non-volatilo  ohlorofluoro  oil,  Plu.orolube  PS,  used  in  tha  Hooker 
Sl:.  ibro  Chetnioal  Company  toats  resulted  in  milder  li-ffeots  of  the  same  lyp®  of 
ch-ii^'.is  noted  for  Kel  P»Co 

Tho  throe  classes  of  oomraoa  transformer  materials  subjected  to  fluoroohemloal 
ooTinavibillty  tests  included  teflon,  silicone  products  and  metaiso  FDP~13  which 
follows  (P  23)  shows  a condensation  of  the  Results  of  Compatibility  TostSo 

The  following  are  briof  stateraents  of  materials  and  rsaulting  action  when  im^ 
E-orsed  in  f luoroohe\ijioalso 

TEFLOIi 


Tho  fluoroohemical  plasticised  tho  teflouo  A gain  at  high  tora^rature  and 
swelling  in  si  so  is  notedo  This  effect  is  not  damaging  to  final  end  usee 
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(r  ) Sllloono  rubber  procluotci  aro  damaged  boyoM  the  point  of  ueefulneoe  by  • 
solvent  notion  and  degredatlon  of  oi>r»o 


(iij  Silioono  varnlshoB  are  loes  effected  then  silicone  rubbern  A plastlclaing 
action  appears  to  be  the  meohasimo 

1-’  :tale 

A I aONM** 

Attack  on  expoBod  copper  is  noted  with  the  ohlorofluoro  oompoundes  the 
•;:rfluoro  oompounds  ehen?  but  allKht  effect®  Solder*  a troublesome  factor  in  com* 

'ii:  motion  vdth  SM  liquids  is  not  o.ri doted  by  tha  others®  Attack  on  iron  tres  noted 
Ir  one  test  on  ohlorofluoro  liquidso 

H.i.uadi£l  Action  with  regard  to  eilioone  rubber 

It  }.e  believed  that  £;c!E.e  fomulationa  can  b®  eeleoted  to  be  more  rasisto- 
c^.t  than  those  tested®  There  is  no  silicone  rubber  probless  in  that  teflon  can 
used  ins  teado 

3..t  .nsdi'al  Action  -with  reapeot  to  Silicone  Raaimi 

^ a>Mr>H«M«aMMTaew«9aMM>iiKenMtMe'.ienManMaMisaiaoeMe«uiMa<aaM»*«iMMrynuMaeiaMe*Muaa9aMaiwa*>aB3M'« 

Soma  formulations  o;!ia  b»-  aoleotod  te  b®  more  offsotivo  in  the  presence 
fluorooheaaoale  than  those  tested®  A longer  precure  will  benefit  all  silicone 
;*■  idnso 

■,  ...odiaJ.  Action  with  respect  to  metals® 

' •_  .>.K*«MMii«»sv»i<nfr— >rrm..'-i:vii'iimM««iwrMiieii'iuiTiii  rnieiii  >irMwmweriwwiWit  * 

Plating  of  copper  oauld  solve  this  problem®  It  ie  believed  that  tit* 

, ■ uaes'otfe^iSi-aing'-'&tudy  will  oreatually  oiroumvoat  the  noted  effeot  on  high  tea® 

■p  retura  tioldor®  ' 

X.  ... 

Compatibility  Teat  Conclusions s The  3M  perfluoro  liquids  present  fewer 
: .ipatibility  problems  and  appear  suitable  for  use  with  all  ooaetruotion  laatorialso 
c:'  lopt  rubber o 
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Sootion  3 (Cont'’d) 

Xnvontigatioa  'P 

;Ji)laobion  of  Most  Suitable  Pluorochemioal  liquid  for  Pow«r  TrwiBforraarn  on  th® 

basis  of  Frossuro  ChttrGt>t»rio+.i08o 

A liMting  ftiotor  in  th®  uso  of  vola'dle  or  seai«volatilo  fluorlxiated 
llquida  in  tranafomara  is  the  prsssui'o  that  will  develop  within  the  caa®  imdor 
i jiMal  and  perhaps  abaoniial  oparating  oondltioiiso  Por  purpoaoe  of  design^ 
joroforOg  it  ia  nooeoHary  to  know  what  praaouros  rasy  ba  oscpootsd  using  any  particular 
.‘liquidg  at  variouo  ambioat  tompsratursa  and  a«  various  wattagas  loss  p®r  unit  surface 
croa  of  oaa«c  On  this  basis  th«  liquid  most  auitabl®  for  a given  applloation  may  bo 
3loot®do 


In  order  to  pi'ovido  this  iaforjaation,  pressure  testa  have  been  run  on  throw 
'?  the  liquids  which  a-c  the  present  tima  aoom  co  offer  greatest  promise  from  the 
■ bondpoint  of  stability  and  non-corrosive  ohariAotero  The  folloTdjag  liquid®  wore 
• sstads 

FCX'.«332  Ferfluoromsthylcyoloheuan  bep*  76®0 

0-73  Perfluorodibutyloyoloether  bopo  102®C 

N-43  Porfluorodibutylansixi®  bopo  177®C 

The  tests  wore  carried  out  as  fol3.ow.3o  The  oylindricsl  vessel  equipped  witlii 
Dvossure  gauge  was  approxlmtely  half  filled  with  liquid^  sealed  and  placed  In  the 
iven  until  the  pressure  reached  a consteat  value.,  Th®  temperature  was  increased  and 
she  unit  allowed  to  attain  cquillbrim  at  the  higher  tomporatui'eo  Two  to  three  hour® 
■voro  required  for  each  temperature  increment  of  lOOC,  *=>uffioi®wt  points  were  ob« 

Mined  in  this  manner  to  plct  curves  of  preosure  vbo  temperature  for  the  tluroe  llcuidse 
■i'.n  in  PDP»2  which  follows  (P«>27)o  The  oquipmoat  is  illustrated  in  PDP-17  (appendix  S)a 

The  curves  obtained  at’®  approximately  straight  linos  v’hen  plotted  on  semi® 

*□2  paper  and  may  be  regarded  as  typical  of  fluorooheitiioal  liquids  within  th©  sam© 
s'uage  of  volatililyo  Other  liquids  not  tested  may  bo  expected  to  exhibit  similar 
prQBBUi'o  >o  temperature  rolationshipsp  varying  only  in  th®  slope  of  the  ourvoo  heso 
ourrvoB  differ  from  the  true  vapor«pre6Burc  curve  in  that  they  are  the  resultant  of 
tha  vapor  pressure  of  the  liquid  and  the  gas  pi.-CBSuro  over  the  liquid  which  is  in«. 
f luenoed  by  the  thermal  expansion  of  tho  liquid  and  the  temperature  of  the  gaSo 

Th®  moasurements  ware  mad©  at  a ratio  of  volo  gas/vol©  liquid  approximately 
equal  to  10(^0  increase  over  this^tio  wiil  affect  th©  pressures  to  a minor 
extento  However,  if  the  ratio  b©  decreased,,  a sharp  rise  in  pressure  may  result 
at  elevated  ambient  temperatures  due  to  the  hijjh  thomal  expansion  of  the  fluoroaham=. 
ioalo  To  show  tho  effect  of  gas  pressure  independently  of  vapor  pressure,  FDPoft 
which  follows  (p-ES),  gauge  presouro  is  plotted  against  ratio  of  gas  to  liquid  at  |(»m« 
peratureo  of  76^  12B  and  17B®0o,  assuming  a moan  thermal  expansion  of  2CjS  for  the 
liquid  per  100®  temperature  riseo  Referenoo  is  to  normal  gauge  pressure  of  0 at  27®Co 
Xt  is  evident  from  the  curves  of  FDP«.2  that  a minimum  of  7092  gas  space  must  bo  pro® 
vj.ded  if  tho  temperature  of  thd  case  reaches  126®po  Tf  voltme  of  core  and  coll  equals 
volume  of  liquid  this  is  equivalent  to  2^  of  th#  total  volume  of  tho  oasoo  Higher 
ratios  of  gas  to  liquid  are  desirable  not  only  for  the  purpose  of  minimising  prossure 
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alao  to  obtain  maximum  cooling  effect  by  condonss.tlon  of  vaporo 

Uae  of  the  yapox"  «»  Gas  PreBoure  Cut’vaa  in  Deeign 

By  roferonoo  to  th®  -tf-Rpor  - gas  presstro  curves  of  PDP«S  which  follows 
it  is  poasiblo  to  eatimate  internal  proscoro  at  any  giveawatts  loss  at  var^ 
i U':  ijiSibieat  temperature®  for  anjr  particular  li^uldo  In  order  to  do  thiUg  it  is  now 
C'Sii.W'y  to  have  a figure  for  heat  axohango  between  metal  case  and  still  airo  Jhia 
may  bo  tormed  the  heat  dissipation  ooafflciont 'and  is  <3:fc:pr0B»ed  in  watts  per 
or/'  cor  degree  Co  temperature  rise  of  case,  or  w/j^JcTdo  Preliminary  experiments 
yiciHod  a tentative  value  of  oOOl  w/om^/dogo  Equivalent  to  »0585  Ifi’/inZ/dego 

From  the  dissipation  ooaffisieato  the  case  temperature  ia  readily  oalbu<= 
l.n;r.d  aociordiag  to  th©  equations 


E®  » lOOOWA  Tb 

T;  talng  case  tomperatura  and  Ta  being  ambient  temperature© 

Hr'lng  found  tho  case  temporaturoj  prassur®  is  obtained  by  rsforonce  to  t'a®  curves 
0?  ligo  Xo  Pi-assuro  values  for  the  three  liquid®,  ECX-326g  0-TC  and  i',-45  are 
pJ.ct1v;,ad  ngainat  watts  per  squars  ooatimetor  area  of  case  in  Fig*  II 5 for  cembients 
0;'  '.  Ofl  SO  and  80^C<,  These  curves  show  clearly  the  relationship  between  loses  o®-8® 
arivii.  and  procaure  for  the  three  llquidBo  A etudy  of  the  curvoo  will  enable  th® 
d:>uL!,v!.3r  to  narrow  his  choice  of  liquid  to  the  one  which  e^djiblte  prossuros  below 
t':i3  f.csired  maximuni,  which  at  th<5  present  time  is  considered  to  be  about  45  Ibo/aq©  in© 

Tho  usefulnoee  of  tho  curve®  of  JDP«g  in  design  will  b®  illuatratedj,  tal[:=> 
iu,i  '.,n  an  aramplo  tho  cylindrical  case  IT)*-?,  which  has  bees  construotsd  for  ©xperimontal 
urn.  This  cas®  has  a total'  surface  area  of  77  sq©  omo  including  header  and  claaspso 
If  'WiG  oaod  is  half  filled  with  liquid,  and  the  iKmeroed  transformer  operated  at  EB 
watta  loBSp  idio  energy  •to  bo  diseipatod  is  ,03S  -watto/omo  Reforriiig  to  RDP-3  it  is 
Eosn  that  at  an  ambient  of  8S^,  the  PCX<»326  liquid  -ndll  exert  a pressure  of  43  lb© 
por  ;iqo  in„,  the  G~76  23  lb©  and  the  N-43  606  lb©  Either  PCX-3g6'or  0»76  may  thar9» 
foro  bo  t^sed  under  these  conditioaop  tho  latter  offering  a greater  margin  of  oafo'ty 
The  do6  lb©  pressure  obtainod  with  N<.43  represents  mostly  gas  prosouroj  thorefor«5 
the  vapor  cooling  effect  with  this  liquid  will  bo  negligible  under  the  oonditioao 
ctipulatodj  the  full  dlsaipation  surface  of  tho  oase  will  not  b®  utilised^  and  th® 
offioiency  of  cooling  will  be  roduoed© 

Th®  above  example  represents  a mere  or  loss  conventional  set  of  ooaditionao 
If  th®  transformer  be  ofjoratod  at  50  watte  loss  without  increasing  the  surface  area  of© 
the  oasss  that  ia*  at  a034  w/om,  the  pressure,,  using  0-76,  will  bo  54  lb©  at  80®  mti= 
bient©  In  order  to  determine  how  much  additional  surface  area  is  required  to  reduce 
th©  proBBuro  to  the  46  lb©  limit,  it  is  only  neooBshry  to  refer  again  to  the  graphs 
wMoh  shows  that  0-76  exerts  a prosBui'o  of  46  lb©  at  ©063  n/om*!  and  80®  ambient©  An 
11^  inoroase  in  area  is,  therefore,  necessary  to  take  care  of  the  added  load© 
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% tawarm  of  »i  eat  of  eui“v®s  slrailas*  to  thoao  of  PDP~8  and  PDP-Se  it  is 
i:  ?.! 'i  bl»  to  dotei'Dilas  with  fair  accuracy  juet  what  dogroe  of  volatility^  indioatad  by 
t.)'  'iag  point  nt  atiaoKphorlo  pr'isauroa  ie  roquiroi  for  sai*®  porformanoe  tmder  a given 
I-!)'.  <,f  oonditionso  ^’he  doaiaivo  parsaiotors  are*  maximum  prooaure,  maximum  hot  spot 
•I :T,),‘.i!raturej  and  ombiant  temporaturoo  For  parposas  of  illustration  thoee  may  bo 
•'.  i ; .ru  as  4B  lb,5j,  180  dogrsos*  toii  (SO  dogroos  reepaotivolyo  It  is  nooosaary  to 
: ‘j  a for  temperature  differential  botwsen  eurfao©  of  oaso  and  hottest  spot) 

work  uaisa^  reciotor  heat  soxiroo  indicatas  that  20®  is  a reasonable  differen- 
•ill.  for  flutsrocheralcal  liqu'ldoo  ^’he  case  tamporatura  is  then  160®#  temperature 
:.  l ef  cast  80®#  W loss/  om^  ta  <,08  which  astablishas  the  surfaoe  area  roquiredo 
I'c.j  1 ?DFm}2  J.t»  is  seen  that  the  point  corresponding  to  160®  and  45  Ibc  is  interne- 
! -I  be'bwaan  the  curves  for  0-75  and  N-43j  ah  iiiiaginary  curve  of  -the  ideal  liquid 
: \)  .■)»  drawn  me  indicated  by  tho  dotted  lineso  ^eh  a liquid  would  boil  at  approx- 
v..ily  186®0  at  atmospheric  prftssure© 

The  above  oxarapls  is  intended  to  b®  illustrative  rather  than  oonclusivdo 
' ivi  loaslyg  th©  choice  of  liquid  will  depend  on  •khs  parameters  choaemo  It  is  clear 
•!  iM  the  volatility  of  •fch©  liquid  used  is  r©Btric-l;ed  within  a rather  narrow- range# 

: rdlng  to  the  conditions  of  opora-biono  0-76  offers  the  closest  approach  to  the 
i 1 i.,  I'rom  the  -volatility  e'fcandpoiat,  and  may  bo  mixed  v/ith  1-45  to  obtain  the  pre- 
■ iogree  of  volatility  wanto :«  I^heso  two  liquids  are  also  among  the  beet  avail- 
11,.;  from  the  standpoint  of  stability  and  compatibilltyo 

In  summary#  the  folloving  principleu  of  design  ore  important  in  working 
• f ■ . volntils  fluorcchemioal  liquid  oollantBo 

lo  ^'h©  pressure  inside  the  unit  may  to  controlled  by  selection  of  liquid 
; ? .vcpsr  volatili-ty#  and  by  vai‘5ring  the  case  surfaoe  areao 

8o  ‘3o  obtain  optimum  cooling  affect#  pressuree  under  operating  conditions 
fh:,  I 'd  oxco&d  2Q  Ibo  per  eqo  irso 

3,j  Semperaturo  of  case  io  a fundemental  quantity  in  working  with  vole- 
1/  .1  oocilantao  It  is  determined  by  ratio  of  watts  lous  to  area  of  case  and  by 
;r.,l  ..m'b  temporaburec. 

4,,  la  order  to  minimi  ae  -proasure  due  to  thermal  expansion  of  liquid#  the 
of  g«fl  volme  to  liquid  volum®  should  be  at  leatt  7055  at  a case  temperature  of 
tsnd  100??  or  more  at  higher  twraporatureBo 

S,j  F'or  itifi-ximum  econosiy  of  siae#  hottest  spot  should  be  in  the  Class  H 
at  leant  180®<Jo  Temperature  differential  he-tween  hottest  spot  and  case  has 
Kv.il,  as  yet  been  accurately  detsnuinodo  Proliminary  tests  point  to  a value  not 

:5j::<.f.ediag  20®0o 

6o  0-76  at  present  la  considered  suitable  for  dissipating  losses  up  to 
o050  W/cta^  oaso  areao  Por  high  losses#  mixtures  of  0-76  and  N-4S  may  be  usedo 


26 


NO.  3ia.  ao  OiVISlONS  PER  INCH  BOTH  WAY*. 


Part  1 - Seato  3 
CCoiit''d)  • 

XB¥ES'PIGATIOH  - S 


J Of  Just  The  Right  Lj.quid  For  A Given  Sot  Of  Coaditione. 

msimuan  eooaoE^s,"lt  ie  deoirablo  that  the  unit  opei'ata  in  the  Claas  H 
i &t  majiiDum  output  and  In  maximum  ambiento  If  the  hottest  spot  tmperature 
if  taken  as  I80®j,  and  20®  differential  asaumed  between  case  eurfaoe  and  hot  spot; 
fchjji  the  maximum  ease  temperature  -will  be  l60®o  The  maximuia  pressure  allowable 
3 i i5.mited  by  manufacturing  oonsidorationa  to  U3  Ibo  guagOo  Heforring  to  PDP=2p 
.’ll  imaginary  curve  may  be  drarm  through  th®  point  ii5  Ibo  and  160®;  parellel  to 
tis  axperimoatal  curves  obtainodj  represented  by  the  dotted  line  in  the  figuroo 
il ' 0 iif  th®  curve  corresponding  to  the  ideal  licaiid  under  the  conditions  oitedo 
i'suh  a liquid  my  be  prepared  by  raising  2 volumes  of  N«=>l43  with  1 volume  O=75o 

The  foregoing  example  is  offered  in  an  illustrative  sense  only;  to  show  how 
tl.i  proper  liquid  may  bo  selected  for  optimum  operation  \jnder  a given  set  of  oon=> 
b ’iionso  If  less  expansion  spr.oe  ia  provided;  different  proasura  ourves  will  be 
•sly;  alnodo  If;  instead  of  filling  tho  unit  and  sealing  under  1 atmosphero  at 
.f.ia  tcraperaturej,  the  unit  is  coaled  with  gae  at  loss  than  1 atmosphere;  pres® 

,31.’.'  f>e  under  operating  conditions  will  be  jreduoed  and  a more  volatile  liquid  may 
') } omployodo  Tiie  point  of  intorost  here  is  that  from  a set  of  ourves  like  those 
a;:  “'DP=.g  whioh  preoeeded  the  proper  liquid  may  be  eelooted  or  tailor^ 

tu' 0 to  suit  special  roquiremeatso 


--  3.0  r. 


Part  1 ^ Seoto  3 
{Cont"d) 

llJTOSTIGAnoa  - H 


v s,;-  OF  SX3LPH0R  iSEMPLUORIDB  AT  HEKICED  PRESSURE  tE  EXPANSION  SPACE  OP  FLUOROc 

CHEMICAL  FILLED  mNSFORMERS 


?: Dao  to  Expeinaion  of  Liq-uld  and  HaRtiag  of  Gas 

Xn  oaTifll^tlomrup  to  tSie  poSb  on  & ratio  gas  vola/  liquid 

lOCS^o  Pojp  the  ordiaai’y  transformar,  this  is  oquivalont  to  a gas  spaoo  of  about 
31'  . ■ coin'd  ths  tota3,  velum©  of  tho  casso  Although  this  quantity  of  ftxpanaion  space 
•]. i t'-asidorably  highoi'  than  that  used  in  conventional  tranofomersj,  the  inherent 
o’lr.;  ' otariatioa  of  fluorinatod  llquido  oeeas  to  demrmd  higher  than  usual  esipanaion 
s In  FDP-^lt.  (P‘“2^))  ratio  of  gaa  vol»/liouid  volo  is  plotted  against  pressure 

iv  ; ' i'B®  t'umparaturss  of  ‘73 n 125  e®d  Ih.®  pressure  in  the  curves  is  due  solely 

tj  i.i'rmal  expansion  of  the  fluorooheinioals  Ihs  naoesslty  for  providing  esctre 
v: : on  space  is  apparent® 


iV' Sulphitr  Hexafluoride  in  C jabinatioa  -^ith  Fluoro  Liquid 

ji.  msazis'of  roduoing  intorna'Fpressuro  in  units  under  operating  ooaditions  is 
1'.  Lt. ■.'•.rated  in  PUPog*  ■which  folltws  If®  instead  of  sealing  the  unit  with 

ni.i  t.-;;  1 a’tmoflphore,  a dieleotrio  gas  such  as  SF6  is  introduced  and  the  unit  is 
Li.^  ' ’ off  atp  sayj,  l/2  atmoaphor-s  and  room  temporaturo^  then  the  final  pressure 
■t-  c o non'^oondeasablo  gas  '.riil  '3'3  roduoed  by  at  any  case  tempera-bureo  ?IF'=>5 
'(!<  ir ; .*oc  prenraros  for  units  soalod  at  1 atmosphcraj  l/2  and  l/3  atmospherco  The 
■'1  1'.  o era  otil3ala"fed  for  a oaso  temperature  of  175 °o  Sine©  sulphur  hexafluoride 
!C',  '>  'J  atmosphev©  is  dieleotrionlly  equal  to  or  better  than  air  at  1 a-fcraosphersp 
■li  V . vhioal  nosKia  of  reduo-ing  preeaur©  undcu*  sever©  operating  ooadltions  in  a-mil* 
..yj : Vapor  proaBuro  curves  of  f'F6  indioato  tbnb  this  gas  should  ba  effootivo  at 

".’siti'.rao  dotva  to  59®  Co  Dolow  this  tempera tiis'Op  aoiubili'fcy  of  the  gas  in  the 
t’:  .'  ;!  begins  to  ■p^xairt  soBi®  influenoou  This  ma’fcter  has  not  yet  been  ftilly  inves® 

'b  C .i'ido 


Lh®  use  of  gas  et  lavwr  thaxi  etmosphoric  preaciurs  in  th®  epaoe  over  the  liquid 
o'i'i'i  j additiojial  ad-iTatagos  in  rela-tiea  to  hea'b  transfer®  If  a unit  b®  built  -with 
a Itics®  surfvio«s  area  et  th®  top  to  facilitate  ooadoneation  of  vs.por  ai^  air  or  gas 
•- ’'M  t at  in  t-i®  eaao  t.t  the  time  of  soaXing  diaplaooo  a portion  of  the  •vapor  during 
f.tion  and  roduoosi  the  effeo^tive  cooling  area®  If  the  quantity  o.f  gas  at  the  time 
tuo  V',rit  is  scaled  bo  reducodp  or  if  tho  gas  be  virtually  eltmimted  by  sealing 
ui'dix  \mouumg  then  th©  ontir©  upper  surface  of  tho  case  pro^vidos  oondeneing  area 
fur  -the  TOporp  c-aid  th®  efficiency  of  heat  dissipation  is  enhanoed® 


PART  I 

fjootioii  3 (Con.t*d) 
lUVESTIOAnOK  1 


ROTS  TE2H  RESISTOR  HEAT  SORRCE 

aubjoctl;  of  heat  'n'snsfor  &s  » moaias  of  dotormluiiQg  design  parameters 
:?o’  tb.®  final  magnstio  oomponont:  was  iiivoatlgatsd  in  the  following  raann®r»  Suit- 
ali.'i©  oontainai’H  were  devsloped  to  hold  various  fluoroohoraionl  materialso  PDP-IS® 
diijondix  B shown  a Transformer  Container  and  Resistor  Heat  Souroco  Included  in 
;iich  oojatainox*  war©  oalibratad  Thermooouplon  for  temperature  measurement  end  a heat 
'jji.iTating  raeohnnlsffi  (o.  oontrollahle  resistor)  for  use  as  standard  heat  source*  PDP-S9 
iiSi'Ch  follovfs  (p*  5iS)  illustratoo  resistor  lu’ran^omont*  PDP-60  which  follows  (p*  36) 
lllustratee  rosiotor  themiooouplo  arrangoineuto  iotual  heat  transmission  curves  wore 
>,i:ic»a  an  the  fluoroohemiaals  and  on  other  commonly  used  materials  such  as  silicone 
I?,.'  id  and  troiioil  oil*  Pluoroohomioal  materials  tested  wore  limited  to  those  which 
b'l ' Ohomlo&l  Group  indicated  aj  deeirnble  rogarding  thermal,  stabili-ty^  available  elee- 
b.’;(ffll  purity  end  compatibility  with  transformer  materials.  Heat  transfer  constants 
"ji:;  be  approximated  from  this  experimental  data  for  use  in  the  actual  design  of  the 
,s'i;r..ostio  oomponentso 


In  the  selection  of  the  resistor  heat  source  for  thermal  measurement  the 
?.y  aontrollnblo  thermal  output  was  n favorable  factor  to  enable  comparative 


• ;f  iiprarntiiro  riao  mo0.sureniont(^  within  the  coatalnsr  as  Influonood  by  tho  several 
."l<K'roch«mical  liquid  mediumao  It  ia  eoepootod  that  this  data  from  the  resistor 


c?  I ho  translated  to  approxin] 
i:r  tr.aformorBo  Tha  affect  of 


ate  the  thermal  loss  (iron  loss  and  copper  loss)  in 
Itho  different  soomatry  and  heat  distribution  between 
s'eeistorb  and  a transformer  of  equivalent  thermal  loss  is  being  oufrontly  in- 
« :.5lgated  in  tho  same  liquid©  to  correlate  th©  data. 


The  following  om-voc  were  taken  of  tho  several  liquids  tabulated  belowri 


PDP-45  =3  Fill  material  Silioono  Oil  100  obhs,  (P-37) 

FDP..4-6  - Pill  material  Kol  F-lO  100  oths*  (P-38) 

PDP-44  - Pill  ma-beriai  Transil  Oil  10  otho*  (P-39) 

PDP-4S  - Pill  material  SM  N-<i3  Fluorochomioal  Liquid  (P-40) 

FDP~6  » Pill  matex'-ial  Kol  P-8  3 othso  (P-41) 


In  examining  this  datae  one  factor  that  is  easily  noted  that  sots  the 
fl'foroohomioalo  la  oontruat  to  tha  more  conventional  fluids  is  the  spread  between 
■±.1','  several  thermocouple  readings  observed  with  silioono  oil  and  that  oboervod 
wi’M  nan  volatile  Kel  P-lO  of  the  same  room  temporaturo  visoosity*  See  PDP-46  and  46 
.'.usd  note  a spread  vsp  E0®G  spread.  It  osn  l3o  inferred  from  iiiis  observation 

thtt  a fluorookemical-fillod  transformer  will  eachibit  loss  temperature  differential 
bo'OTaen  more  ad;Jaoont  points  approximating  an  avorogo  temperature  with  loss  emphasis 
on  loss  end  reduction  of  tho  hot  spot  temporaturoo 

. Iha  i'oAsrvod  teaperaturs  for  40  watts  output  for  thermocouple  #3  measuring 

fluid  temperature  ia  91®C  for  silioone  oil  vs*  81®C  for  Kol  P-10  thus  indicating 
'bhat  heat  is  being  dolivorad  more  offeotlvaly  to  the  case  exteriorQ  The  observa- 
tions in  the  above  two  paragraphs  appear  to  be  related  to  tho  more  effeotive  oon- 
vootive  cooling  offered  by  f luoroohealoals*  See  FDP-45  and  PDP-46o 


-w-S* 
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fh®  iiofluanoei  of  roducad  viuoority  in  promoting  oonTOotive  cooling  can 
l':i  in  comparing  the  r-saulte  ahown  for  100  otfcs*  silicono  ollp  ond  10  otkai'o 

tr«ui  3i.l  oilj,  s»o  FDP‘“44  and  r*'DP»4fj*  whoa  the  aTOi'ag©  tamporaturo  of  all  t’lorrao"- 
tt^'p for  transil  oil  at  40  watta  output  is  79^C’  and  for  silicone  oil  iu  86®Cc. 

One  of  the  uniqua  featuros  of  the  fl\u^ro chemical  is  the  poaoibility  for 
lacii'lcU)  of  low  viaoosity  oonoistant  \d.th  the  roqui remoate  of  a fluorochomloal 
(5  ■ c /.  iiotrio  i33,  tsnuB  of  flash  and  fire  pointSo  Wlien  this  low  vlsooaity  is  oh« 
t’.lr.ijd  ia  the  flaoi'ooharaioal  liquid  15«43  whoso  vrlfoosity  is  21®?  oths*  the  moot 
fj,v(  ,:-abla  aituctioa  arisac  who5.=o  tho  avar®^®  tomperaturo  is  at  40  wattso 
o 1^'  end  oorapuira  FDP«44«'4(5i5)46o 

Sh®  aboTO  restvlta  ht.v®  toaon  influenood  ohly  by  oonvoctiv©  ooolingo  She 
h:c'i  of  imporigatioa  required  to  boil  volatile  liquids  offex'o  n cooling  effect  of 
i.v.i  itant  ma^nltudo  if  oatic  surfiico  areas  laro  adociuat©  to  ©ffoat  subsequant  oon» 
d'liM  iAiioiio  When  tho  contaivisr  was  ©quipped  with  o,  ooppor  cooling  coil  to  add  Buffi« 
o'la.-N  area  for  condensatiosa  further  runs  ware  niado  at  unusually  high  lovol  of  wattage 
•.he  oboerrcd  •bsrapsratus'e  rise*  This  oquipsient  is  illus  trated  la  PDP-=12o 
( \j h;  ' 'ir-diar:  B)o  She  liquid  oiiesen  is  Kol-P-E.,  a Iot.'  viscosity  volatile  fluorcobamioal 
vv;i'(Ci'  tariperaturo  riao  ia  compared  to  tho  prsviouely  illustratod  result  obtained 
Ti.i'.i’  r.on  volatile  silioono  oil*  See  PDP»6  vfhloh  follows  (po«42.)  Reference  to  'this 
g shows  146  •watts  were  dissipated  at  a temperature  rise  of  11B®C  whereas  wttli 
s cena  oil  68  •watts  dissipation  caused  the  same  1'16®C  risco 

When  the  volatile  liquids  are  considersd  •two  now  factors  enter  the  pio«> 
os  limitation  paremo^tera  in  deeignj,  case  area  and  prossureo  Case  area  must 
c.lX:{  euffi clout  cooling  by  condonsa'bion  to  the  surrounding  ambient  and  pressure 
ffij.i..  >:©  limited  to  an  extent  practical  for  oonvontlonal  oasos^  terminals  and 
aol'ln'f  sraalco 


<s> 
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NO.  3IS.  to  DIVISIONS  PER  INCH  BOTH  WAYS 


3lB-  lO  OtVIStONS  PCR  mCH  BOTH  WAYS,  70  BY  tOO  OtViStONB 


NORWOOD,  HA«»ACHU»CrT» 


Ta^wlacioa  liesiataii-o  ^00,.«<.-v>iJ  . llOjfOOO 


rUJOROCHEailCAL  0A8 


Mfttmrlal  - Sulfur  H«xaflttorid« 

Foraiula  - 8P6 

OUUUral  ChatBlOUl 

Molecular  Wto  ll|6 

SubliinatioD  Tiamp*  -63o8*  C 

lHaitlog  Polat!  O'  «■  '»«•  » ,1.  c — a> » « o o>  • oSOaS*  C 
Critioal  reap«  >»--*»--«•  - - llS'  55*  ® 

Critical  Proseure  '5145  p»»«i*ao 

Relative  Dialootrio  Strosgth 

i'ilitrogan  «•»<;»  283 


CA  ** 


PEP-5b 


lHVESnQ4TI0H  « 1 


FUSTIC IZBD  TEFLOM  AS  A TEMXiAL  HATEKIAL 


Xu  as  maah  as  most  daslgao  uitiss  fluoroohe;  ioal  dleleotrioe  1^11  «aXl  for 

gas  and  vapor  pressurs  wlthiu  tha  oass,  tht^  tenuinals  usod  idll  havs  the 
adtiud  rsquireaant  of  balng  leaksproof  to  that  prassuroo  Tha  usa^iiinass  of 
vai'Xous  fonns  of  Taflon  tarainals  is  well  astabHahad  lu  oouvantional  trans'* 
oases.  It  was  thought  thatj,  if  Teflon  tsue  to  bo  plastloleed,  that  bon= 
of  olastioity  and  reduction  of  pamanent  est  oharaoteriatlos  might  result 
i':>  .1  termiriol  tuatarlal  of  Taflon  more  suited  for  use  under  the  gae  praeaura 
c :n  iitions  oxistant  in  most  applioctione  of  fMcroohaadoal  dieleotrloso 

A reference  In  duPont  literature  to  the  pis  otloication  cf  Teflon  ma  noted. 

It  'Aia  decided  to  enter  Into  a limited  develepmcnt  of  this  prooeas  as  applied  to 
usage  of  Teflon  aa  tormlnale  and  a oontraot  was  drawn  -jidth  the  Dixon  Corp. 
tu  3;?iotoli,  Rol.,  febrioatora  of  Teflon,  to  aooempliah  this  result. 

W)ile  the  work  of  the  Dixon  Corp.  la  incomplete  acme  Indicatlona  of  reeulta 
' available:  Ihey  have  demonstrated  pleetioi^icition  of  Teflon  by  (l)  soaking 
.?!}  i8hod  objeota  in  a heavy  visco&ity  hot  fluorcohemioal  oil  and  (2)  by  ooagulao 
h}.' i'.  of  Teflon  euaponooide  in  tho  praasure  of  diaperaed  fluoroohemioal  olla. 

affeot  of  true  plastloieatlon  ot  Teflcc  seeias  to  oocur  by  the  soagnlx" ' 

\ i:;  method  wheroaa  the  soakin.;^  method  promotosi  abaorption  and  cooluaicn  but  not 
, more  homogeneous  effeote  cf  a more  genuine  plaatloleing  aotlon. 

The  tdxon  Corp.  will  shortly  supply  a detailod  final  report  indioettlng  the 
(tr. nt  of  plastioisatlon  noted  and  the  ohangec  ^n'phyrloal  propertloa  .roeulting. 
lUi,  will  investigate  the  ponnaaanoy,  af  the  titetaont  and  the  effect  of  the  light 
i'^roohemi.oftla  in  leeohixig  the  heavier  fluoroor  emioals  used  ao  plaatioieixig 

a:,  .vat  Bo 
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PART  I 
SECTION  4 

SUIW’ARY  AND  CONCLDSICW8 


As  • result  of  the  work  desoribed  in  detail  in  the  foregoiac  seo- 
tlonSf  oertain  fluorooheiuio'al  oonpounds  have  been  seleoted  as  being  generally 
nicut  suitable  for  use  as  ooolants  and  dieleotrio  media  in  the  four  types  of  trsns* 
ferxers  to  be  redesigned  and  built  in  Phase  III  of  the  inTestigationo  ^he  oomo 
pcxinds  seleoted  ares 


lo 

N-4S  parfluorotribatylsaine 

B.P. 

177 

2o 

0-76  perfluorodibutylether 

B;Po 

102 

8, 

Kol  P-l® 

non  volatile 

Sulphur  hexafluoride 

gas 

These  have  been  seleoted  on  the  basis  of  dieleotrio  quality,  ther« 
jiii'.L  stability,  suitable  range  of  volatility  and.  oonpatibility  with  transfonner 
ffiij;:iirialo  of  oonstruotlono 

1 

Oxir  analysis  of  the  problem  together  with  our  studies  of  materials 
suggested  sevoral  taohniques  whereby  the  imique  propertiea  of  the  fluorc- 
ohriioals  may  be  employed  to  parti oular  advantage  in  transformers  of  the  various 
''K'jy'itto  These  may  be  enumerated  as  follows  t 

lo  Cas  fill  with  sulphur  hexafluoride  at  two  to  three  atmosphoroso 
method  is  applioable  to  high  voltage  designs,  particularly  at  audio,  Intersie* 
and  radio  froquencist,  where  oapaoitltM  t<.osaes  are  to  be  mininliedo  It  is 
Lxot  adaptable  to  designs  where  large  amounts  of  power  are  handled*  To  assist  in 
j dissipation  of  moderate  quantities  of  heat^  oonducting  tabs  made  of  massive 
oc  ;por  ore  suggeotedo 

2o  Pill  with  low  viscosity  non.»volatlls  f luoroohemloal  liquid  (N*4S) 
c-}  improvement  in  rats  of  heat  dissipation,  resulting  in  reduotion  of  hottest  spot 
t' t-perature,  is  antioipatedo 

3c  Pill  with  volatile  fluorocarbon,  suoh  as  0>76a  This  tabhnique 
do ponds  on  the  volatilisation  of  the  f luoroohemloal  for  the  transfer  of  heat  from 
co.’o  and  coil  to  the  surfaoe  on  the  oaseo  By  providing  additional  radiating  Bur<> 
area  the  quantity  of  heat  dissipated  oan  be  increased  and  the  hottest  spot 
t-.:  iiperaturo  roduoedo  The  advantages  of  method  2 (above)  are  Inherent  in  this 
thodo 

do'  Pill  with  volatile  fluoroohomloal,  with  extra  radiating  surfaoe 
forming  an  integral  part  of  oesoo  Displabe  air  within  the  ease  by  sulphur  hexai- 
fluoride  at  one-half  atmospherio  preasure.  Thic  method  inoreaaee  heat  dissipation 
by  reducing  gas  pressure  within  the  syste^  The  aulphur  hexafluoride  provides  ad- 
cqmte  dieleotrio  proteotion  for  terminals  and  other  high  voltaige  points  not  ia^ 
mersed  in  liquid  at  temperatures  down  to  -SO^Co 

6o  fill  with  volatile  fluoroohomioal  liquid  and  evaouateo  This 
method  provides  meximum  heat  dissipation  by  remoTlng  all  gas  from  the  system, 
thereby  preventing  the  dilution  of  vapor  with  non-oondensable  gaso  Tsrminala  and 
all  high  voltage  windings  must  bs  covered  with  liquid  in  order  to  be  proto oted 
at  low  temperatures  at  which  the  vapor  pressure  of  the  liquid  is  lowo. 

The  foregoing  taohniques  are  prominent  among  those  which  will  be 
employed  in  the  design  and  oonstruotion  of  tranaformer  models  in  the  ensuing 
Phase  III  of  the  oontraotg 
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PART  II 


Soetion  1 

PROGRAM  FOR  RRXI  INIERTAL  — 


Uuring  tho  next  interral  we  shall  proceed  with  the  work  oh  Phase  HI  as 
o.itlined  in  Part  1^  Section  1«  PurposOo 

An  effort  to  apply  the  information  obtained  from  the  inyestlgations  re- 
ported in  Part  Seotion  3,  to  speoifio  transformer  deeigns  will  be  made* 

The  following  methods  of  practical  applioation  of  liquid  dieleotrloe  will 
he  inrestl gated! 

lo  Use  of  the  heat  of  'raporlsatlon  roqulred  to  volatilise  fluoroohemioals 
as  a means  of  dissipating  heat  (with  provision  of  adequate  condensing 
area)o 

^ Ao  Aooompliehnent  by  total  immersion  of  coil  and  oorso 
Bo  Aooomplishmont  by  partial  imraersion  of  ooll  and  ooroo 

lo  Wetting  of  ooll  by  w wiolclng  action  of  porous  material  trans- 
f'ltting  fluid  from  a sumo  of  fluid  to  the  oollo 
?.o  Use  of  cm  open  oup  style  sheathing  to  contain  the  volatile  die- 
leotrio  liquid  and  direction  of  ^turning  condensate  to  main- 
tain tk:>  liquid  level  in  the  oupo' 

Ho  ^0  use  of  pellets  in  oombination  with  a non-volatile  fluorooheodeal 
liquid  as  a means  of  heat  removals 

IIIo  Combination  of  a f luorochemi oal  liquid  with  a fluoroohemloal  gas  in 
the  expansion  spaoe  used  in  liquid  filled  oaseso 

■The  following  methods  of  praotioal  application  of  gaseous  dleleotrios  will 
be  Investigated! 

lo  Use  of  copper  heat  tabs  from  ooll  waiS/ or  core  to  oase  sides  to  obtain 
removal  of  heat  and  retain  the  advantages  of  gas  filllngo 

Ho  Use  of  gas  fill  and  pellets  to  combine  adventagss  of  gas  fill  with 
removal  of  heat  obtained  with  pelletSo 
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APPBTOIX 


« A - 

TABLE  I 

idDutlfioatioa  of  Toolualoiuuio 


Hdilto 


Hrao  L>»t  Roport  Hra»  Thi«  Report  Totol  Hra« 


Jo  Fo  Ahearn 

S54o0 

520.8 

674.8 

Donatilla  Auooin 

S.S 

5.9 

9.2 

Co  Fo  Bordanoa 

17.6 

17.8 

Fo  T<  Burtia 

3So2 

8o0 

41.2 

Fo  He  Cemaron 

96eO 

40o0 

156.0 

Fo  Jo  Coray 

2o0 

65o0 

66.0 

^0  Jo  DiJulia 

94oi 

403o6 

497.6 

Lo  Bo  Gordon 

lol 

lol 

Ho  Ho  Ooyetta 

S2oO 

52.0 

Stophon  Hannon 

SoB 

100  0 

19,5 

Anna  Harrigaa 

6c8 

6.5 

John  Haldrlok 

2«0 

; 

aamaiaaam 

2.0 

Le  Fo  Kllhea,  Jro 

80o0 

114o0 

174.0 

Wo  Ac  Lairrenoo 

6.0 

•••caeaea 

6.0 

Jo  Jo  Lima 

lue 

14So2 

166.0 

Mo  Bo  Lod^ 

10.1 

10.1 

Ro  P,  MaoAndranrs 

25.6 

40o0 

65.6 

Alan  MacDonald 

4.6 

4.6 

Lo  Lo  Maida 

54.0 

77o0 

111.0 

Do  Lo  Manter 

40o4 

4.P 

U.4 

Bdwo  MoLau^lln 

160.0 

160.0 

Ro  So  Quioiby 

20.0 

20.0 

Wo  lio  Hoo^gi  JVq 

412o6 

127.0 

659.6 

Joluv  Shahaan 

8.0 

44.0 

62.0 

Js  A«  Shaehan 

20.0 

26.0 

46.0 

Ko  Jo  Thomas 

108o2 

98.0 

201.2 

Ro  Ro  Ursoh 

80.8 

74.0 

164,8 

Go  Lo  VanUartar 

42.0 

20.0 

62,0 

. >- 
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